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Ground Water Quality and Irrigation: 
A Potential Source of Sodium in the 
Soils of the Macon Ridge 
P.M. WALTHALL', W.J. DAY 1, and R.L. HUTCHINSON2 
Introduction 
Economic recommendations (Henning, 1989) favor agricultural diversifica-
tion for improving the stability of farm income. This diversification includes 
supplemental irrigation, especially in northeastern Louisiana (Phillips et al. , 1981; 
Hutchinson et al., 1984; Hutchin on et al. , 1988). A long-term con ideration for 
the producer is the po ible damage to productive land from the use of poor quality 
irrigation water. The purpose of this re earch was ( l) to determine if the natural 
rise and fall of aline ground water is the source of Na in the soils of the Macon 
Ridge, and (2) to determine if the use of saline irrigation water results in 
salinization (increasing levels of both Na and Cl) of the soil environment. 
Extensive areas of soil on the Macon Ridge in Northeast Louisiana (Figure 
1) have naturally high levels of exchangeable odium (Na) which adversely affect 
crop production. Previous research on the Macon Ridge (Fleming, 1984; Goh, 
1984) focused . on the dissolution of Na-bearing minerals (aluminosilicates) 
identified in the loe s parent material of these soil , a being the source of Na. 
Sodium accumulation were attributed to leaching and entrapment in depre ed 
landscape po itions, a well as from lateral flow of Na from adjacent soils in ridge 
po ition . Similar ituation have been reported in Illinois (Wilding et al., 1963) 
and Mississippi (Pettry, 1981). A ource of Na not con idered in either of the local 
investigations was saline ground water. Whitfield ( 1975) identified the occurrence 
of saline regions of ground water within the Mi sis ippi River alluvial aquifer 
which underlie the Macon Ridge (Figure 2). 
If the major ource of Na in the e soils is from ground water enriched with 
Na and Cl, then a similar relation hip between ion composition in soi l solutions 
and ground water would be expected aero s the land cape at some depth between 
the soil surfa e and the underlying aquifer. Should the source of Na originate from 
the weathering of Na-bearing minera.l s contained in the loess, one would not expect 
Cl to be an a ociated anion . The objective of this study were (I) to determine if 
a relationship exists between Na and Cl in soil solutions, (2) to inve tigate 
'Assistant profe sor and research associate, re pectively, Department of Agronomy, Louisiana 
Agricultural Experiment Station, LSU Agricultural Center, Baton Rouge, La. 70803. 
2Associate profes or and coord inator, Macon Ridge location of the ortheast Research Station, 
Louisiana Agricultural Experiment Station, LSU Agricultural Center, Rt. 5, P.O. Box 244, Winnsboro, 
La. 71 295 . 
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imilarities between soi l solution compo ition and regional ground water, and (3) 
to determine if increa ed soil alinity result from irrigation practices that rely on 
saline ground water. 
Background 
Geology and Hydrology. The Macon Ridge i a loe s-mantled, Pleistocene 
braided- tream terrace of the Mi i ippi River (Autin et al. 1991). The ridge 
trends north- outh and is bordered by the younger (Holocene) Mississippi River 
floodplain to the east and the Ouachita River floodplain to the west. The loess 
mantle has been identified a Peoria Joe (Martin et al . 1981; Miller et al., 1986). 
The thickness of the loess mantle is> 3 mat the eastern edge of the ridge and thins 
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Figure 2. Site locations for the grid study and detailed transect within the Macon 
Ridge study area. (Delineations show the loess thickness on the Macon Ridge and the 
location of saline regions occurring within the Mississippi River alluvial aquifer.) 
progres ively west until the loess is no longer recognizable. The loe mantle is 
underlain by braided- tream alluvium of the Missi ippi River deposited prior to 
30,000 yr BP (Autin et al., 1991 ; Saucier, 1968). 
Beneath the Macon Ridge, coar e-textured ediments underlying the loess 
have a hydrogeologic connection with the ands of the Mississippi River alluvial 
aquifer (Figure 3, from Whitfield, 1975). The younger alluvial depo its urround-
ing the ridge in the Mi i ippi delta tend to be dominated by materials higher in 
clay (Schumacher et al., 1988) which re trict interactions between the aquifer and 
the overlying soil environment to a large degree. Rainfall and the hydrogeologic 
connection linking the braided- tream ediments, the alluvial aqui fer, and the 
urrounding river system are the major sources of recharge to the aquifer 
(Whitfield, 1975; Boniol et al., 1988). 
A major aline region in the Mississippi River alluvial aquifer was identified 
by Whitfield (1975), and runs in a northea t to southwest band through the center 
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of Franklin Pari h (Figure 2). In much of the area beneath the present Mississippi 
River floodplain , Tertiary aquifer that underlie the alluvial aquifer (Figure 3) have 
high concentrations of chloride (Cl) (Whitfield, 1975). Discharge from these saline 
Tertiary aquifer into the alluvial aquifer occurs during periods of low hydraulic 
head such as a low river stage on the Mi i ippi River when the aquifer would 
reverse flow and discharge into the river. 
Soils. The type of soil on the Macon Ridge containing high levels of exchangeable 
Na, is recognized by the U.S. Soil Taxonomic Sy tern a a Natraqualf (Soil Survey 
Staff, 1975). Thi oil type cover approximately 7.4 percent of the Macon Ridge 
7 
in Franklin Parish beginning immediately west of the saline region of the aquifer 
(Figure 2) and spreading to the western edge of the ridge (Weems et al., 1977; 
Martin et al. , 1980; and Soil Survey Staff, 1990). However, the taxonomic 
characterization of this soil type i too re trictive for agricultural purposes. High 
levels of exchangeable Na ( 15 percent) are recognized in most cases only when 
they occur within 40 cm below the top of the argillic (subsoil) horizon. Yield 
reductions between 40 and 75 percent have been reported in deep-rooting crops 
(soybeans [Glycine max. L.], bahiagrass [Paspalum notatum], and common and 
improved bermudagrass [C.ynodon dactylon L.]) when grown on soils having high 
levels of exchangeable Na occurring below the 40 cm depth requirement (Martin 
et al. , 1980 and Reynolds et al ., 1985). A modification to the classification of this 
soil type, proposed by McQuaid et al. ( 1987), recognized the deeper occurrence 
of exchangeable Na. Soil series meeting the proposed criteria cover approximately 
36.2 percent of the Macon Ridge in Franklin Parish. 
Methods 
Field. Two levels of sampling intensity were used. A general sampling scheme was 
used to provide information for the region of the Macon Ridge occurring in 
Franklin and Richland pari hes. A grid distribution was used with sampling sites 
separated by an approximate distance of7 km (Figure 2). A more detailed sampling 
scheme involved a transect approximately 2.4 km in length, consisting of 12 sites. 
The transect was located on the Macon Ridge location of the Northeast Research 
Station near Winnsboro. Half of the transect was irrigated cropland (site locations 
were cropped to soybeans, com, cotton, and rice), and half was in non-irrigated 
bermudagrass pasture. Cores 5 cm in diameter were sampled by horizon to a depth 
of approximately 6 musing a Giddings soil probe. Taxonomic classification of the 
soils sampled in both the grid and tran ect sampling schemes can be found in Table 
1. 
Laboratory. Samples were air-dried and ground to pass through a 2-mm sieve. 
Particle-size di tribution wa determined after samples were dispersed by suspen-
sion in sodium hexametaphosphate and shaken on a horizontal reciprocating 
shaker for 16 h. Clay percentages were determined using the pipette method (Gee 
and Bauder, 1986). Sand fractions were sieved and weighed. Silt content was 
calculated by difference. 
Exchangeable base (Ca, Mg, K, and Na) were extracted by leaching with 
IM NHpAc, pH 7.0 solution. Cation concentration were determined by atomic 
absorption spectrometry (AAS). Extractable acidity wa determined using the 
BaC~-TEA, pH 8.2 method of Thoma (1982). A buffered cation exchange 
capacity (CEC) is used to expres total exchange capacity and is taken as the um 
of the exchangeable ba e and the extractable acidity. Soil reaction wa measured 
in I: 1 Hp and in 1: 1 1 M KCl (Soil Survey Staff, 1984). 
Soil solution extracts were obtained from 1 :2, soil:Hp suspensions that had 
been equilibrated for approximately 24 h. Concentrations of Ca, Mg, K, and Na 
in solution extract were determined by AAS; Cl wa determined by ion specific 
8 
Table 1.--Taxonomic classification of soil series sampled in the grid study and 
the detailed transect 
Series 
Gigger 
Loring 
Necessity 
Egypt 
Calhoun 
Calloway 
Gilbert 
Deerford 
Foley 
Dexter 
Gigger 
Egypt 
Gilbert 
Classification 
Grid study 
Typic Fragiudalf, fine-silty, mixed, thermic 
Typic Fragiudalf, fine-silty, mixed, thermic 
Glossaquic Fragiudalf, fine-silty, mixed, thermic 
Aquic Glossudalf, fine-silty, mixed, thermic 
Typic Glossaqualf, fine-silty, mixed, thermic 
Typic Glossaqualf, fine-silty , mixed, thermic 
Typic Glossaqualf, fine-silty , mixed, thermic 
Albie Glossic Natraqualf, fine- ilty, mixed, thermic 
Albie Glossic Natraqualf, fine-silty , mixed, thermic 
Detailed tran ect 
Ultic Hapludalf, fine-silty, mixed, thermic 
Typic Fragiudalf, fine-silty , mixed, thermic 
Aquic Glossudalf, fine-silty, mixed, thermic 
Typic Glos aqualf, fine-silty , mixed, thermic 
electrode. Ion concentrations were concentrated by a factor of four to approximate 
saturated conditions in a soil having 50 percent pore pace. 
Results and Discussion 
Na and Cl in the Soil. For the regional grid sampling, a multisource regression of 
Cl on Na, using a line splitting the Macon Ridge from north to south as a categorical 
variable, indicated that the two area contained significantly different slopes. The 
two categories ~oincide with tho e developed by Miller (1986) delineating loess 
thicknes on the Macon Ridge (Figure 2). The region west of the line has a loess 
thicknes of less than 1 m, and the region ea t of the line has a thickness increasing 
from 1 to 4 m. A strong relation hip between the two ion (r2 = 0.92, slope= 0.85, 
n = 168, p = 0.01) exist for sites having a Joe s thicknes of greater than 1 m. A 
weaker relationship (r2 = 0.62, lope= 2.19, n = 155, p = 0.01) was found for the 
ites having a loess thickne s of les than 1 m. Regres ion analysis of CI on Na in 
soil extracts from the detailed transect produced a trend imilar with respect to 
slope, to that observed in the sites from the grid tudy having a Ioess thickness 
greater than l m {r2 = 0.75, slope = 0.80, n = 176 p = 0.0 I) (Figure 4). 
We postulate that the Joe s mantle which drape over the sandy Pleistocene 
alluvium act as a protective barrier, preventing aline ground water from reaching 
the oil surface (Walthall et al. , 1992). The effectivene of the loess barrier 
increases with the thickne s of the loe mantle and prevents saturation of the 
over I ying sol um in two way : ( I) physically di placing the soil environment above 
the aturating conditions of the underlying saline aquifer, and (2) serving as a 
restrictive barrier to the upward movement of ground water relative to movement 
within the coar er sands. The effect of Joe thickness on limiting the upward 
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movement of saline water can be seen in the Na saturation data pre ented in Figure 
5. ln the thinner Joe on the we t side of the ridge ( < I m), maximum Na saturation 
percentages occur within a depth of 2 m below the oil urface. In the thicker Joe 
on the east side of the ridge (I to 4 m), maximum Na aturation percentages occur 
below a depth of 2 m. 
Na and Cl in the Ground Water. The data in Figure 4 illu trate the relation hip 
between Na and Cl in the ground water and the oil extracts. Concentrations of Na 
and CI from 12 wells reported by Whitfield (1975) that meet the definition of saline 
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water defined by the U.S. Public Health Service (1962) of250 mg/L Cl ( 7 mmolj 
L) were used in the compari on. The relation hip between Na and Cl is very similar 
between the well water and the oil extracts (Figure 4): wells (r2 = 0.92, slope= 
0.65, n = 12, p = 0.01); oil extracts (r2 = 0.75, lope= 0.80, n = 176, p = 0.01). 
Although the slope of the regres ion line of the well waters i slightly lower than 
that of the oil extract , indicating higher Cl concentrations relative to Na, such a 
relationship is not surpri ing. Two competing proce e are most likely respon-
sible for this di sparity in lope. As propo ed earlier, aline ground water saturates 
the soil profile from below, upplying both Na and Cl. Cation exchange sites in the 
oil become aturated with Na over time, e tabli hing a buffer that maintains high 
level of Na in elution. 
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On the other hand, no anion exchange capacity is available to buffer Cl and 
through leaching, it is continually removed from the soil profile. This certainly 
seems to be the case as the slope increases from 0.65 in the wells to 0.85 in the soils 
from the thick loess where leaching would be most restricted. In the thin loess, the 
effect appears to be much greater. These soi ls are dominated by the more 
permeable sandy alluvium, and the effects of leaching are more extreme (Walthall 
et al. , 1992). The greatest disparity between Cl and Na occurs in these soils with 
a slope of 2.19. Furthermore, it is thi western half of the Macon Ridge in which 
the extensive areas of Na-affected soils occur. 
Na and CI in the Irrigation Water. The third objective of this study was to 
determine if irrigation with saline ground water substantially increases soil salinity 
on the Macon Ridge. An irrigation well sampled on the Macon Ridge location of 
the Northeast Research Station had a Cl concentration of27.2 mmol)L (Table 2), 
approximately four times the defining Cl concentration for saline ground water. 
The screened interval of the well i between 20 and 30 m, which would place it 
within the Mississippi River alluvial aquifer (Figure 3). Concentrations of Na in 
the well water ranged from 13.4 to 15.3 mmol)L. To test the effects of potential 
salt loading, soil horizons within the top 1 m of each soil column were grouped into 
25 cm depth intervals. A mean Cl concentration was determined for each depth 
interval in the irrigated and non-irrigated portions of the transect (Figure 6). In all 
cases, Cl level in the irrigated cropland exceed Cl levels in the non-irrigated 
pasture. Use of poor quality irrigation water has resulted in a definite increase in 
the sal inity of these soils. The highe t mean Cl concentration occurs in the 75-100 
cm depth interval from the irrigated sites. A distinct increase in Cl concentration 
occurs with increasing depth. Thi suggests that precipitation does have some 
effect in leaching Cl out of the immediate surface into the subsoil. 
Reductions in crop yields grown on naturally occurring, Na-affected soils 
were previously mentioned. The extent of damage to crop yields from use of saline 
irrigation water is not well documented in the Macon Ridge area and probably 
varies from one crop to another as well a from one crop variety to another. Soybean 
variety test in Arkansas have been developed to screen for alt tolerance (Widick, 
Table 2.--Irrigation water analy es from Macon Ridge location of the North-
east Research Station 
Year 
sampled 
1981 
1985 
1988 
1Not determined. 
Na 
-----(mmol)L)-----
12 
15.0 
13.4 
15.3 
13.6 
15. l 
14.4 
14.4 
Cl 
27.2 
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1982). What was once thought to be damage to oybean from cercospora blight and 
leaf pot on the Macon Ridge Location of the orthea t Re earch Station is now 
believed to be the re ult of alt damage from aline irrigation water or possibly a 
combined effect of the two (Dr. B.G. Harville, unpubli hed data). 
Summary and Conclusions 
The finding of thi tudy upport the argument that aline ground water is 
the major source of Na for the oils on the Macon Ridge. The relationship between 
13 
Na and Cl in oil solutions and a imilar relationship in saline ground water support 
this argument. The loess "wedge" ~unning from east to west across the ridge was 
found to play a major role in determining the distribution of Na and CI with respect 
to depth and pecific ion concentration. This argument is supported by Na 
saturation percentages above 15 occurring at increasing depths as loess thickness 
increases. 
Serious consideration hould be given to monitoring ground water quality 
where irrigation wells are in potentially high saline regions of the underlying 
aquifer. The potential damage due to excessive buildup of Na and Cl in these soils 
could be economically di astrou , considering the difficulty in reclaiming salt-
affected soils. Moreover, if substantial increa es in ground water pumpage occur 
(resulting in a lowering of the hydraulic head in the aquifer) , it is possible that saline 
water in the underlying Tertiary trata could further intrude into what once were 
fresh water regions of the Missi sippi River alluvial aquifer. 
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